The nonlinear dynamics of dissipative quantum systems in periodic fields is studied in the framework of a Oisin-like nonlinear Schrodinger equation with deterministic nonunitary quantum friction terms describing the system-bath couplings. The virtue of this nonunitary evolution is that it is compatible with Dirac s superposition principle and the Hilbert-space structure of quantum kinematics. Floquet theory and the generalized Van Vleck nearly degenerate perturbation method are used to facilitate both analytical and numerical solutions. Closed-form analytic solutions can be obtained in the long-time average approximation or within the rotating-wave approximation.
I. INTRODUCTION Nonlinear Schrodinger equations with the generic form [Ho+ V(Q)]f=Ef have been used to describe quantum-mechanical systems that interact with their surroundings. ' Through its wave function lt, the system interacts with its environment by inducing a net field which then acts back on the system itself. This "self-dependent" interaction can be described by appropriate choice of the effective potential V(P). In general, one can assume V(P) depends on the wave function g through the expectation value of an operator. This assumption leads to (0,+k&q~J~q&a) It can be applied to any spins as well as to spatial degrees of freedom (or to any quantum system described by a Hilbert space). An Floquet matrix method' ' and the generalized Van Vleck nearly degenerate perturbation theory. ' '' It is found that g(t) approaches asymptotically to a limit cycle with orientation subject to quantum friction constraint. In Sec. IV, we present a detailed analysis of the dissipative dynamics in terms of the trajectory of the Bloch vector. The structure of the limit cycle is found to be (field) frequency and intensity dependent and exhibits an inherent dynamic symmetry. The origin and the role of this dynamical symmetry is analyzed in Sec. V. This is followed by a discussion and conclusion in Sec. VI. where I+(t)) =P+(t)lf(t)), (8) and the periodic operator P(t) satisfies the equation"
dt with g being the quasienergy operator. Equation (9) +k[(N(t)IP +(t)H(t)P(t)IC (t) ) P+(t)H(t)P(t)]I&&(t) ), - (7) P /, (t)= g P""e'" '= g (an I/(. "o)e '" ' (18) Up to now, no approximation has been made. Equation (14) In the following, we shall first discuss the nonlinear dynamics of the dissipative two-level system when the nonlinearity k is small. In this case, the long-time average of the operator B(t) is a valid approximation, and an approximate analytic solution can be derived for the Bloch vector S(t). To see this we need to first work out P(t). In RWA, the 
which is indeed time independent. Equation (7) now becomes d~4(t) ) ldt = i Q~-4(t) )+k [(d&(t) iig ikB)tj+(0) q(p)) SR~A=(u, v, m) reaches asymptotically to a (time-independent) axed vector rather than a limit . cycle. The RWA solution is valid, in general, only for weak-field and near resonant one-photon transition processes. For stronger fields and/or multiphoton processes, higher-order GVV and/or numerical methods are required to obtain the correct solutions as described in Sec. IV. u (t)+v (t)+w (t)=1. 
as our variables. Figure 3 shows a typical trajectory in the P-w plane from t =0 to 100T (T = 2m/co). The physical parameters used are coo= 1. Fig. 7 shows the corresponding result generated from the long-time average analytical formula. Apart from a slight shift in the position, the two structures agree rather well, indicating the validity of the long-time average approximation for small nonlinearity cases.
We now discuss the intensity-dependent limit cycle structure. Figures 8 -10 show the limit cycle structures for one-photon dominant processes (at fixed coo= 1.0, 100T are recorded. It shows clearly the spiral structure around each point (attractor) of the limit cycle.
1.25 k =0. 1, and co=coo) for coupling strengths A, /coo=0. 1, 0.5, and 1.0, respectively. The main feature changes as k increases are the gradual increase in size of the limit cycle. While the shape of the limit cycle also changes in shape considerably as A, varies, it remains a single folded structure. The situation for the multiphoton transition case is more involved. Figures 11 -13 depict the limit cycle structures for three-photon dominant processes (at fixed coo= 1.0, k =0. 1, and co =coo/3) for 1,/coo=0. 1, 0.5, and 1.0, respectively. In addition to the change in size as A. varies, the limit cycles exhibit multifolded structures at high-field intensities. Clearly, the structure of the limit cycle depends upon the order of nonlinear multiphoton
transitions. An interesting question now arises: Can the dissipative quantum system exhibit bifurcation or even chaos at very high laser intensities? We have performed several high intensity calculations (up to A. /coo= 10.0). In each case, while the structure of limit cycle is getting more complicated as A, increases, it always remains quasiperiodic. Thus for a dissipative quantum system under periodic perturbation, there is no stochastic motion observed. This is an example of the so-called quantum suppression of classical chaos 'Wh. ile the corresponding classical systems can exhibit chaotic motions, the quantum interference eff'ects tend to suppress the irregular behavior. The absence of quantum" chaos, however, does not prevent the existence of fractal-like behavior.
V. DYNAMICAL SYMMETRY OF THE LIMIT CYCLE Figure 14 shows the power spectrum This corresponds to the power spectrum of the limit cycle shown in Fig. 10 FICs. 12. Same as Fig. 11 except A, =0.Set)p. Equation (51) 
